This paper presents a theoretical analysis of near-field time-averaged intensity and pressure distributions of actively controlled plate-radiated sound. A harmonic point force was considered as a noise source, and a piezoelectric element bonded to the plate was applied as control actuator. A single microphone that measures sound pressures in the radiated acoustic far field serves as an error sensor. The optimal input voltage to the piezoelectric actuator is obtained by minimizing a quadratic cost function, defined as the mean square of the error sensor signal. The influence of the location of the error microphone on near-field pressure and normal intensity was studied. Fourier transforms in the wave-number domain are also used to study the mechanisms of control. This work provides a better understanding of the behavior inherent in controlling structurally radiated sound using piezoelectric actuators. In particular, an understanding of the near-field behavior under closed loop control is inherent in the design of sensor arrays located near or on the plate surface.
However, little work has been done on studying the nearfield pressure distributions and the radiated intensity distributions under the same conditions. These parameters are important as they provide further insight into the control mechanisms. It is also hoped to overcome the use of error microphones located in the far field by the use of sensors near or on the structure. In this context, the controlled near-field pressure should provide insight into the configurations of near-field sensors designed so as to provide reduction in farfield pressures. In this paper, "near-field" is taken to mean on or very close to the surface of the structure.
The objective of this paper is to extend the analysis presented in Ref. 2 to evaluate near-field pressure and timeaveraged intensity distributions. In order to obtain the intensity distributions, the finite difference method of Pettersen 3 will be used. This method has been used successfully by a number of authors to efficiently evaluate intensity distributions in complex radiating acoustic fields. 4'5 As discussed by Thompson and Tree, 6 the finite difference approximation errors in acoustic intensity measurements are less than 2 dB from 0 to 10 kHz for a spatial sampling separation of 8 mm.
In this analysis, a simply supported finite plate positioned in an infinite rigid baffle was considered as the structure. The plate was excited by a steady-state harmonic disturbance in the form of an oscillating point force. The control input was applied by a piezoelectric actuator bonded to a plate surface, while error information was taken from a single microphone located in the radiated acoustic far field.
Under the same control condition, the near-field pressure and time-averaged intensity distributions were evaluated, while the plate uncontrolled and controlled motion was studied in the wave-number domain. 
where the shifted plate coordinates are For brevity, this paper only considers response of the plate of thickness 2 mm near the (3,1 ) response frequency. Table I gives the physical properties of the rectangular simply supported plate considered here, while Table II truncated at m = n = 5, i.e., 25 modes were included in the analysis. This number of modes was found to provide sufficient accuracy for the study of the behavior of the system before and after control.
A. Pressure and intensity distributions
Figure 3 presents the far-field radiation directivity patterns for a frequency of 357 Hz, which can be seen from Table II to be close to the (3,1 ) resonance point. The solid line denotes the noise field and can be seen to be fairly constant with radiation angle. This behavior is due to the relatively long wavelength of the acoustic radiation relative to plate size, leading to the higher order plate giving a radiation field which is volumetric or monopole like. power reduction achieved in the two cases are 57.18 dB for 0 --0 ø and 51.68 dB for 0 --50 ø respectively. As seen in Fig.  3 , the sound pressure level of the uncontrolled field at 0 --0 ø is higher than that at 0 --50 ø. Although for the single-input, single-output system the error microphone signal is driven to zero, the use of the error microphone at 0 --0 ø results in more overall pressure reduction than that at 0 --50 ø. Therefore, the error microphone at 0 --0 ø perform slightly better than that at 0 --50 ø.
The corresponding near-field pressure distributions in the x-y plane for the noise and controlled (error microphone at 0 --0 ø) fields are shown in Fig. 4(a) and (b) , respectively. The noise field can be seen to exhibit the cell like behavior associated with the (3,1) mode shape of the plate. When control is applied, two changes in the near-field pressure distribution of Fig. 4(b) are observed. Firstly, the overall pressure amplitudes are reduced by around 10 dB. Secondly, the complexity of the pressure field is markedly increased, and there appears to be a semblance of a pressure node located around x = 100 mm. It is this kind of behavior that is interesting for the design of near-field sensors. The overall fall in near-field pressure indicates that if a distributed pressure sensor is located above and completely covers the plate, then minimizing the near-field sensor output might have the same control influence as a far-field point sensor, at least for plate modes on resonances. In effect the use of a large distributed pressure sensor located near the plate may lead to an "unloading" of the plate radiation field by causing a large area of low pressure on or near the surface of the plate. The overall result would be a drop in radiated power due to the low radiation impedance seen by the plate. Figure 5 (a) and (b) give the corresponding normal intensity distributions to Fig. 4 (a) and (b) . Regions of outgoing and ingoing intensity to the plate are marked ( + ) and ( --), respectively. Note also in the scale that negative intensity indicates intensity flowing into the plate not negative intensity level. The noise field of Fig. 5 (a) strongly indicates  the (3,1 ) plate behavior. As can be seen, the two outer cells give positive or outgoing intensity, while the inner cell has negative or in-going intensity. However, as discussed in previous works, such as by Maidanik, •2 the net effect for long acoustic wavelength relative to plate size is edge radiation, which appears like a monopole type source in the far field. As the acoustic wavelengths are relatively long, radiation of each half cell interacts with its neighbor leading to cancellation for the inner portions of the plate. When control is applied the intensity distribution is markedly changed. Fig. 4(b) . However, the intensity distribution is markedly different. In this case the central cell in which intensity flows into the plate, has greatly expanded, while the edge radiation components appear to have been reduced. In particular, the net power flow from the edge of the plate on the same side as the error microphone has been markedly attenuated.
Figures 6 (a) and 7 (a) present the near-field pressure distribution and intensity vector distribution in the central x-z plane for the noise source. For the intensity plots a calibrated vector length is provided for scaling purposes in the bottom right hand corner. Note that the intensity vector plots are in log scale. The pressure distributions clearly illustrate the volumetric radiation nature of the (3,1 ) mode at this low value of •cL,` = 2.48. Near the plate, the pressure distribution exhibits the three cell nature associated with the (3,1 ) mode; however, as the observation point moves to the far field, the radiation field becomes progressively more uniform and monopole like in behavior. Similarly, the intensity distributions show that the inner cell of the plate acts as an acoustic sink, and the radiated energy from the plate comes from near the edges.
When control is applied, the pressure and intensity distributions for the error microphone at 0 = 0 ø demonstrate a marked change as shown in Figs. 6 (b) and 7 (b) . Two characteristics are again evident. Firstly, the overall pressure levels have fallen (due to response of the plate decreasing). Close to the plate, the pressure field exhibits behavior like the (3,1) mode; however, it is apparent that strong nodal type region of low pressure has been generated starting near x/L,, = 0.4. Likewise, the intensity vector distribution for this case given in Fig. 7 (b) show that the net radiation from the edges has been effectively canceled. It is interesting to note from Fig. 7 (b) that the noise source appears to be acting as an energy sink in this case. Moving the error microphone to 0 = 50 ø gives additional interesting results, as can be seen in the pressure plots of Fig. 6 (c) and intensity vector plots of Fig. 7 (c) . Again, the controlled pressure field exhibits behavior very similar to the (3,1 ) mode near the plate without large changes in level; however, at increasing distances from the plate, the pressure field becomes increasingly more complex exhibiting a nodaltype low-pressure region towards the location of the error Z/Lx Wave-number spectra of plate modal velocity along % axis.
In Fig. 8 ( a ) and ( The second interesting point of Fig. 8 (a) is that the supersonic components have also been reduced to a greater degree than the subsonic components. As discussed by This paper presents an analytical study of the near-field pressure and intensity distributions of actively controlled plate-radiated sound. The results presented, although limited to the (3,1) mode resonance case, reveal a number of interesting characteristics. In general, when control was applied, a number of observations were made. First, for this case of resonance, applying control leads to an overall fall in the magnitudes of near-field pressure and intensity vectors. Second, the controlled field appeared to exhibit radiation behavior similar to a higher-order antisymmetric mode. The monopole like nature of the far-field radiation pattern of the (3,1 ) mode was modified to a pattern with a nodal region near the location of the error microphone. Third, the application of control appeared to reduce the acoustic intensity leaving the edges of the plate (edge radiation ) resulting in an overall drop in radiated acoustic power. In connection with this, while the location of the error mike had little significant effect on the overall power reduction and optimal control voltages, it had a significant effect on the near-field pressures and intensity distributions.
The results provide further insight into the mechanisms associated with the active structural acoustic control (ASAC) approach studied here. In particular, the results indicate possible strategies for the design of near-field sensors to minimize the far-field radiated power. For "on resonance" case, one strategy may be to use a distributed sensor which provides an error signal proportional to the average of the acoustic pressure over the plate surface. Another strategy could be to use a strip distributed error sensor that could be located at the very low pressure regions of the controlled distribution. This would have the effect of forcing an asymmetry into the radiation field which has been shown in this paper to be associated with a lower total radiated acoustic power. Situations such as these are presently under theoretical and experimental investigation at VPI&SU. However, this work only considers one particular operating case, and much further work, particularly for off-resonance conditions, is needed to design and implement reliable near-field sensors based upon the above observations. Finally, wavenumber analysis of the plate vibration has been shown to be a powerful alternative tool for studying the mechanisms of control.
